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This commentary focuses on factors related to sample
size determination in randomized controlled clinical trials
(RCTs) for antiviral therapies against coronavirus dis-
ease 2019 (COVID-19) published during the pandemic of
COVID-19.

The articles involved in the following discussions include a
total of 55 original articles on RCTs for antiviral treatments
of patients with COVID-19, including the 36 articles men-
tioned in our previous commentary' and 19 original articles
added recently based on a search at PubMed and some from
other sources. In terms of sample size determination, 33 of
55 (60.0%) RCTs determined their sample size via calcula-
tion; in seven (12.7%) of the 55 RCTs the sample size was
not determined via calculation; 15 articles did not mention
how the sample size was determined. Of the 55 RCT arti-
cles, 21 (38.2%) were regarded by the authors or others as
having small or too small sample sizes to be able to support
the study hypothesis or obtain the expected evidence.

These results suggest that considerably high proportions of
RCTs authors for antiviral therapies for COVID-19 did not
consider sample size determination as an important factor
for the success of RCTs, up to 40% of the 55 RCT articles

might not consider the importance of setting sample size
via calculation.

To emphasize the importance of sample size determination
for RCTs and better understand factors that may be related
to sample size determination, we need to answer many
questions, including at least the following eight questions.
1) Why sample size determination for RCTs is important?
2) Why sample size of RCTs should be determined via cal-
culation? 3) What are the possible consequences if sample
size is not determined via calculation? 4) How to calculate
the sample size of RCTs? 5) Is the sample size of all kinds
of RCTs possible to be determined via calculation? 6) How
small a sample size should be regarded as small? 7) What
are the reasons for using small sample sizes and how to
reduce or avoid using small sample sizes? 8) Is the sample
size the larger the better?

SAMPLE SIZE CALCULATION FOR
RCTs, WHY IT IS IMPORTANT?

1) Sample size is related to funding; too small a sample
size may not be able to have sufficient power to detect
the clinically important size of effect difference. The
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calculation can help find a minimal sample size that may
provide evidence for the efficacy and safety of an interven-
tion. 2) The calculation may tell the likelihood that the trial
will obtain an unequivocal result. 3) It may help avoid too
small a sample size that cannot lead to expected evidence
for an intervention or too large a sample size that may
let too many participants unnecessarily to be exposed to
potential risks of a new product or receive a placebo that
may prevent them from taking other potentially effective
intervention. 4) The regulatory agencies may require infor-
mation on the planned sample size. 5) The guidelines for
the conduct of clinical trials, for example, Good Clinical
Practice, may specify that a sample size calculation is
necessary. 6) In fact, a small sample size trial that could not
demonstrate clinically meaningful and statistically signif-
icant differences between the test and control treatment is
unfair to all the participants who took the potential risks of
a trial, spending time that could have been taken for some
other effective treatment as well as to the investigators
themselves for their time lost and disappointment.

With so many reasons, clinicians and clinical researchers
should have no reason to despise, ignore, or forget the
importance of determining sample size via calculation
when they are designing or planning for an RCT or writing
a report of an RCT.

SAMPLE SIZE OF AN RCT SHOULD BE
DETERMINED VIA CALCULATION

Determination of sample size through calculation for an
RCT is an essential part of planning and designing a clin-
ical trial; the investigators need to predetermine a minimal
sample size which can lead to trial results with a high prob-
ability of demonstrating statistical significance of clinically
meaningful difference (§) between the size of effects of
testing and control interventions. The calculation of sam-
ple size for RCTs is based on scientific concepts, principles,
and methodology, therefore the results of the calculation are
usually reliable.?> If the sample size of a trial is not prop-
erly determined via calculation, they are usually small, the
trial probably cannot obtain the clinically meaningful and
statistically significant results that might have been wished
to guide or change clinical practice. Without proper calcu-
lation, the most common way of determining sample size
is an estimation based on previously published reports of
RCTs, but the sample sizes of the published trials can be
broadly variable even among those who could successfully
obtain certain evidence supporting the efficacy and safety
of an intervention.

Sample sizes determined through proper calculation often
lead to results that can support clinically meaningful and
statistically significant differences between the test and
control interventions.

WHAT ARE POSSIBLE CONSEQUENCES
IF SAMPLE SIZE IS NOT DETERMINED
VIA CALCULATION?

Sample sizes that are obtained via improper estimation
without calculation are often smaller but also possibly
larger than those obtained through calculation, and both
smaller and larger sample sizes may lead to various adverse
consequences. Sample sizes that are smaller than those
determined via calculation often cannot lead to results that
are clinically meaningful and statistically significant for a
new therapy or a new therapeutic agent, that is, the study
would lead to false-negative results, moreover, such results
may lead to an incorrect conclusion. On the other hand,
too large sample sizes are not necessary, furthermore, they
obviously waste time and other resources like manpower,
financial input, and materials, etc., and are unethical to
the participants, not only because of wasting their time
but also letting them expose to potential risks of adverse
events.* Therefore, the clinical trial investigators have to
avoid improper sample size estimation.

HOW TO CALCULATE SAMPLE SIZE
FOR RCTs?

Sample size calculation for RCTs that belong to the stan-
dard types of outcomes for 2-group (1:1) studies requires
the following essential elements: 1) «, the probability of
the type one error (usually set at 0.05); 2) f, the prob-
ability of type two errors (usually set at 0.10-0.20); 3)
1—p, the statistical power (usually set at 0.80-0.90 or
even higher); 4) most importantly, a difference (8) of the
clinically meaningful size of effects of the study inter-
vention which represents a single primary outcome or
endpoint and a control intervention of the study being
planned or effect size from available literature, esp. from
meta-analysis and 5) some other factor, for example,
standard deviation (SD or o) of the difference of clini-
cally meaningful size of effect expressed as continuous
data.??

Having the above-mentioned essential elements ready for
sample size calculation, we may use formulae, special-
ized tables for sample size determination provided in
publications, or certain software to calculate the sample
size.

Example 1. Suppose that a clinical trial is going to
evaluate the efficacy of a new drug for the treatment of
hypertension; according to a pilot study, the new drug
treatment might reduce the mean blood pressure (MBP)
of hypertensive patients by 20 mmHg after a 4-month
treatment, and placebo could reduce MBP by 5 mmHg.
The sample size calculation for this study was based on
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the following parameters: two-sided o = 0.05; 8 = 0.10;
the power = 1— = 0.90; o of the difference of effect size
was 235; the difference of the effect size § =20 — 5 = 15.
The result of the sample size (1:1) calculation by using
the software Instat for the two-sided test was 58 patients

per group.

Example 2. A study was supposed to evaluate an antiviral
agent’s efficacy in the treatment of patients with chronic
hepatitis B virus (HBV) infection, with a = 0.05, two-
sided, § = 0.10, 1—8 = 0.90, the size of the effect of the
new drug was negative conversion of HBV DNA in 40%
of the patients, and that of the control drug was 10%. The
result of the sample size calculation with Instar was 217
cases per group. The size of the effect in this example
was expressed as a percentage or proportion (categorical
or dichotomous data), and in the former example, it was
continuous data. The formulae, tables, and software pro-
grams for these two types of data are slightly different.
The above-mentioned methods of sample size calculation
are confined to the standard types of outcomes for 2-group
studies.

After obtaining the sample size via calculation, clinical
researchers have to consider the possibility of dropout
or withdrawal of some participants because of different
reasons, a certain percentage of participants (10%—20%)
should be added to the sample size.

The sample size obtained through calculation is scientifi-
cally regarded as the proper or optimal way of sample size
determination. Using the properly determined sample size,
the studies have higher probabilities to obtain evidence to
support the study hypothesis and to detect clinically mean-
ingful and statistically significant differences between the
study and the control interventions.

However, sample sizes obtained through calculation may
still belong to estimation, since the essential parameters for
the calculation may have different options, esp. the size of
effect. For the same trial, if a larger size of effect is chosen
for calculation, the sample size obtained as a result would
be smaller, and vice versa.

For RCTs that have other than standard types of primary
outcomes, that have more than two groups of participants,
that have two groups but the ratio of the number of par-
ticipants per group is not 1:1, the methods of sample size
calculation are different from those mentioned above. The
Forum on Methodology of Clinical Investigation in this
journal, Pediatric Investigation, may organize discussions
on sample size determination for various types of clinical
studies.

IS THE SAMPLE SIZE OF ALL KINDS OF
RCTs POSSIBLE TO DETERMINE VIA
CALCULATION?

In some uncommon circumstances, one of the essential
parameters, the difference in clinically meaningful effect
size may not be available. For example, for a first-in-human
clinical trial on a newly developed therapeutic agent, there
may be no existing data on the size of the effect from human
subjects compared with another agent (can be a placebo). In
such a situation, the researchers may need to conduct a pilot
or a feasibility or exploratory study to obtain the necessary
data. On the other hand, if there is no other source of effect
size for a drug or a therapy, the size of the effect of the
drug or a therapy reported in certain case reports or case
series studies may be considered for use in the calculation
of sample size.

HOW SMALL IS SMALL?

Among the 55 RCT articles enrolled in this study, the sam-
ple size of 21 articles was regarded as small, which ranged
from 45 to 300 (did not include pilot/exploratory studies).
However, is there any universal definition for small sample
size for antiviral or other clinical trials? There seems to be
no confirmatory answer. However, there are some reason-
able references and suggestions that can be considered for
application.

(1) In general, for a clinical trial, a sample size that is
smaller than the one obtained through a calculation
based on the essential elements should be regarded
as small. However, there is uncertainty or variability
because some of the essential elements have differ-
ent options, and for some circumstances, sample size
calculation may even be impossible because of the
absence of the clinically important difference in effect
size (9).

(2) According to the National Medical Products Adminis-
tration of China, the minimum sample size for clinical
trials phases 2, 3, and 4 should not be smaller than
100, 300, and 2000, respectively, which was stipulated
based on consideration of safety perspectives.®

(3) One of the essential elements for sample size calcu-
lation is the clinically important difference in the size
of effect () is the most important determinant of sam-
ple size. Therefore, before or during the sample size
calculation, the size of effect of a trial should be care-
fully chosen in reference to Cohen’s criteria for sizes
of effect expressed as continuous data for clinical tri-
als sample size determination.’ He defined the size of
the effect in clinical trials into “small”, “medium” and
“large” based on the ratio of hypothesized mean differ-
ence (0) to the standard deviation (SD or 0); the effect
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TABLE 1 Sample sizes calculated based on o = 0.05, 8 = 0.10, power = 0.90, standard deviation (SD) or o = 25, and hypothesized

differences of effect sizes from 5 to 30 calculated by using Instat

Small
Variable effect size
Size of effect of test intervention" 10 15
Size of effect of control intervention" 5 5
Differences in effect size (8) 5 10
Ratio of § to SD or 0.20 0.40
Sample sizes calculated (nl = n2) 525 131

TThese values are hypothesized. SD, standard deviation.

size was regarded as “small” if the ratio &/c is between
0.2 and 0.3, “medium” if it is approximately 0.5, and
“large” if it exceeds 0.8. Similar descriptions can be
seen in another textbook of clinical trials*: the sample
sizes of approximately 50, 200, and 4500 correspond
to the values of large, moderate, and small clinically
meaningful differences of effect sizes (6) 1, 0.5, and
0.1. If the other essential elements are fixed at certain
values, for example, a« = 0.05, 8 = 0.10, and power
= 0.90, the ratio of 6/c will be the most important
factor associated with the sample size. The clinically
meaningful size of effect difference (&) is inversely
related to the sample size (n) necessary to detect it; that
means that large samples are necessary to detect small
differences.” Table 1 shows to some extent the relation-
ship between the effect size difference and the sample
size with hypothesized sizes of effects.

In example 1 mentioned above, the ratio of the difference
to the standard deviation is 6/c = 15/25 = 0.60. The sam-
ple size calculated with software named Instat was 58 per
group. According to Greene,® a ratio 6/c = 0.60 is close
to 0.50 (medium), suggesting that the sample size was also
close to medium, therefore the sample size 58 should be
acceptable or a good choice (Table 1).

To avoid too small a sample size, a large & value should
be cautiously chosen, if the /o is around 0.50, the sample
size would be medium or moderate. Clinical studies usually
should be powered to detect medium effects size, which has
been widely used.®

However, the above-mentioned considerations about sam-
ple size are confined to clinical trials that use continuous
data to express their sizes of effects. How about the tri-
als where the effect sizes are expressed with categorical or
dichotomous data (proportions, percentages, etc.)? Is there
a similar relationship between the size of the effect and the
sample size in such trials? Answers to these and many other
questions will be discussed later. I wish our readers and
authors who are interested in such questions would actively

Medium effect size Large effect size

20 25 30 35

5 5 5 5

15 20 25 30
0.60 0.80 1.00 1.20
58 33 21 15

participate in discussions at our forum on the methodology
of clinical investigations.

WHAT ARE THE REASONS FOR USING
SMALL SAMPLE SIZES AND HOW TO
REDUCE OR AVOID USING SMALL
SAMPLE SIZES?

On the researcher’s side, ignorance of the importance of
sample size calculation, the sample size was determined
based on time and possible number of cases available
within a planned period of time and setting, and limited or
no awareness of sample size calculation, etc. may cause use
of small sample size. On the side of objective disease sta-
tus, the prevalence of disease, the number of eligible cases
can be reduced suddenly, and unexpectedly, and no more
cases can be enrolled, so that the number of finally enrolled
cases may even be one-half or less than half of a calcu-
lated sample size.” !> Tt is very difficult to judge whether
the small sample size trials’ results support the conclusions
of the study or not, because for the small sample size tri-
als, in addition to small sample size, there are many other
factors that can also influence the final outcomes of a study.

For the problem caused by the researcher side ignorance
or improper determination, it is relatively easy to avoid by
paying increased attention, emphasizing by professional
organizations and regulatory authorities. However, for
the circumstances where the planned/determined sam-
ple size via calculation becomes unreachable because of
rapid control of the disease or other reasons, the situa-
tion may be difficult to deal with. A possible strategy
against such a situation is to prevent such situation by
using multicenter clinical trials via creating or formulat-
ing a series of “Ready-To-Use Clinical Trial Protocols
for Sudden Health Emergency or Crisis” by national or
international professional societies/organizations special
committees composed of experts in various specialties for
hypothesized outbreaks or pandemics of communicable
or other types of rapidly transmittable diseases or syn-
dromes. Ideally, such clinical trial protocols should highly
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emphasize multicenter collaborative trials that are ready
to be used with minimal amendments and suitable for
various situations such as in different geographical areas
and there should be convenient and shared data collection
and application system. Via such efforts, the problem of
insufficient sample size can be partially mitigated.

Regarding how to reduce small-size trials, there are notable
opinions, including dichotomizing continuous variables is
inadvisable, since that can lead to loss of information and
may produce statistical aberrations in multivariate analyses
and result in misleading conclusions.>

Sample size can also be reduced or the whole trial can
be interrupted or aborted because of some unexpected
events. Running out of supply of study drugs may affect
the planned therapeutic procedure or even cause premature
termination of a study.'*

ARE SAMPLE SIZES THE LARGER THE
BETTER?

An excessively large sample size that is larger than the
sample size obtained through reasonable calculation is not
only unnecessary but also disadvantageous. 1) Many par-
ticipants in the testing and control groups will be exposed
to potential risks of adverse or severe adverse events. 2)
The workload of the involved personnel will be increased.
3) It may cause wasting of resources such as time, finan-
cial input, manpower, material, etc. 4) It may increase the
risks of producing errors and problems. 5) Too large sam-
ple size, if not specifically required, may also be unethical
to the participants who are mostly patients.*

For sample size determination for RCTs, there are many
questions from clinicians, and clinical researchers in many
different fields of clinical medicine, younger or older,
experienced or less experienced. Here we have discussed
only a few questions related to this important topic.
We sincerely hope our readers and authors actively par-
ticipate in discussions on the methodology of clinical
investigations.
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